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TRANSDIFFERENTIATION OF GLIAL CELLS 

REFERENCE TO RELATED APPLICATIONS 

This application is related to U.S. Provisional Patent Application Serial number 
60/212,240 entitled Transdifferentiation of Astrocytes into Neurons, filed June 16, 2000, which 
is hereby incorporated by reference. 

1.0 FIELD OF THE INVENTION 

The invention relates to the in vitro transdifferentiation of mammalian cells from a glial 
cell type to neurons, oligodendrocytes, astrocytes, and associated type cells. 

2.0 BACKGROUND OF THE INVENTION 

Fetal neural progenitor, or stem cells are multipotent cells that are useful for various 
therapeutic applications involving their implantation into humans but significant moral, ethical, 
and technological issues make the use of these cells undesirable. Such problems include 
immunological rejection and potential contamination. 

It has been reported that the entire ventricular neuraxis, including the spinal cords of 
adult mammals, contain stem cells (Morshead and Van der Kooy, Journal of Neuroscience, 
12:249-256, 1992; Reynolds and Weiss, Science, 255:1707-1710, 1992; Lois and Alvarex- 
Buyalla, Science, 264:1 145-1 148, 1994; Morshead et al., Neuron, 13:1071-1082, 1994; Weiss et 
al, Trends in Neuroscience, 19:387-393, 1996a, Journal of Neuroscience, 16:7599-7609, 1996 
b). These stem cells may proliferate and expand in some circumstances and are affected by 
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growth factors such as epidermal growth factor (EGF), basic fibroblast growth factor (bFGF), 
leukemia inhibitor factor (LIF), and others; the stem cells may then differentiate into other cell 
types, including neurons, astrocytes, and oligodendrocytes (Reynolds and Weiss, 1992; 
Morshead et al., 1994; Weiss et al., 1996b). Recent data demonstrate that adult subventricular 
zone astrocytes or astrocyte progenitors can develop into stem cells in vivo (Doetsch, 1999). 

An approach to isolating stem cells and differentiating them into other cell types has been 
reported. First, nervous system stem cells are isolated from human embryonic or adult brain; the 
technical and economic challenges of this technique make it difficult to use this process for 
producing cells for human implantation (Svendsen et al, Experimental Neurology, 137:376-388, 
1 996; Chalmers-Redman et al, Neuroscience, 76:1 121-1 128, 1997; Carpenter et al, 
Experimental Neurology, 158:265-278, 1999; Fricker et al., Journal of Neuroscience, 19:5990- 
6005, 1999; Kudekov et al., Experimental Neurology, 156:333-334, 1999; Vescovi et al., 
Experimental Neurology, 156, 71-83, 1999). These cells are transplanted into adult rodent 
brain, where they differentiate into neurons, glial cells, and associated cells, with no tumor 
formation (Vescovi et al, 1999). 

A substantial body of literature describes therapies based on introducing cells into 
patients. These therapies include treatments of Alzheimer's, Parkinson's disease, and in vivo 
drug delivery. Examples of such therapies are described in "Survival and differentiation of adult 
neuronal progenitor cells transplanted to the adult brain" by F.H. Gage et al., Proceedings of the 
National Academy of Science U. S. A. 92:11879-83 (1995); "Site-specific migration and 
neuronal differentiation of human neural progenitor cells after transplantation in the adult rat 
brain" by R.A Fricker et al., Journal of Neuroscience, 19:5990-6005 (1999); and "Self-repair in 
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the brain" by A. Bjorklund and 0. Lindvall, Nature 405:892-3, 895 (2000), which are hereby 
incorporated by reference. 

3.0 SUMMARY OF THE INVENTION 

The invention provides a practical approach for producing multipotent cells from non- 
fetal tissue. Astrocytes are directed to become multipotent cells. These cells are used directly or 
are differentiated to make particular cell types. The cells are taken from and transplanted back 
into the same person (autograft) or into another person (homologous graft). Alternatively, an 
animal source could be used for the cells which could be transplanted into humans (xenograft). 

The invention provides techniques to transdifferentiate astrocytes into particular types of 
nervous system cells, including neurons, astrocytes, and oligodendrocytes. Only a small sample 
of astrocytes is needed to establish an in vitro culture of cells that may be expanded and 
processed to yield multipotent cells. The multipotent cells may be directly used or may be 
further processed to make neurons and/or oligodendrocytes and/or astrocytes. The method 
includes a step of exposing the cells to an added factor to make astrocytes dedifferentiate into 
multipotent cells. The added factor is a growth factor, including bFGF. 

The invention includes implanting the cells into humans as part of therapies that call for 
implantation of fetal and/or stem cells. The invention provides methods for treating astrocytes 
with an added factor to produce multipotent cells that may be implanted. Alternatively, the 
invention may be practiced by producing multipotent cells and differentiating them in vitro to 
produce cells such as neurons that may be implanted. 
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The method of the invention includes: (1) establishing an in vitro culture of astrocytes; 
(2) optionally pretreating the cells in a medium with an added factor; (3) dissociating the cells 
and (4) treating the cells with an added factor. An alternative embodiment of the invention 
further includes (5) an in vitro differentiation step of growing the cells in a medium without the 
added factor so that the cells are differentiated into neurons, oligodendrocytes, and/or astrocytes. 

A variety of growth factors are applicable as the added factor but neurotrophins are 
especially useful, including members of the Fibroblast Growth Factor (FGF) family. bFGF is an 
especially useful member of the FGF family. Experiments with bFGF indicate that other 
members of the FGF family as well as functionally related growth factors may be used in the 
invention. bFGF is a well-documented mitogen for many different cell types and other members 
of the FGF family display overlapping functions. In addition, other growth factors that have 
been shown to be mitogens for stem cells are applicable. In general, cells that respond to at least 
one of the growth factors described above are cells that express a palette of FGF receptors on 
their surfaces. And various multipotent cells isolated from the mammalian nervous system have 
been shown to express at least FGF-receptor-1, FGF-receptor-2 and FGF-receptor-3. 

A substantial body of literature describes the Neurotrophin and FGF families, including 
the following references which are hereby incorporated by reference: Cuevas, "Role of fibroblast 
growth factors in neural trauma", Neurology Research, 1997 19(3):254-256; A.O. Wilkie et al., 
"Functions of FGFs and their receptors", Current Biology, 1995 5(5):500-7; I.J. Mason, "The ins 
and outs of FGFs", Cell, 1994 78:547-552; A Baird, "FGFs: activities and significance of non- 
neurotrophin neurotrophic growth factors", Current Opinions in Neurobiology, 1994 4(l):78-86; 
CJ Robinson, "Tailoring and targeting FGFs", Trends in Biotechnology 1991, 9(5):147-148; JK 
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Dow et al, "FGF2: its structure and property, paracrine function, tumor angiogensis ..." 
Urology, 2000, 55(6):800-806; A. Bikfalvi et al., "Biological roles ofFGF-2", Endocrine 
Reviews, 1997, 18(l):26-45; Gimenez-Gallego G, Cuevas P , "Fibroblast growth factors, 
proteins with a broad spectrum of biological activities", Neurological Research 1994, 16:313-6; 
MR Passos-Bueno et al., "Clinical spectrum of FGF receptor mutations", Human Mutatation 
1999, 14(2):1 15-125; Moffett J, et al., "Transcriptional regulation of fibroblast growth factor-2 
expression in human astrocytes: implications for cell plasticity", Molecular Biology of the Cell, 
1998, 9:2269-85; Pincus DW et al., "Fibroblast growth factor-2/brain-derived neurotrophic 
factor-associated maturation of new neurons generated from adult human subependymal cells", 
Annals of Neurology, 1998, 43:576 et seq.; Palmer TD et al., "Fibroblast growth factor-2 
activates a latent neurogenic program in neural stem cells from diverse regions of the adult 
CNS", Neuroscience, 1999 19:8487-97; Qian X, et al., "FGF2 concentration regulates the 
generation of neurons and glia from multipotent cortical stem cells", Neuron, 1997, 18:81-93; 
Chiang YH, Silani V, Zhou FC ; "Morphological differentiation of astroglial progenitor cells 
from EGF -responsive neurospheres in response to fetal calf serum, basic fibroblast growth 
factor, and retinol", Cell Transplantation, 1996, Mar- Apr; 5:179-89; Mujtaba T, Mayer-Proschel 
M, Rao MS "A common neural progenitor for the CNS and PNS", Developmental Biology, 
1998, 200(1): 1-1 5; Mackay-Sima A, Chuahb MI "Neurotrophic factors in the primary olfactory 
pathway", Progress in Neurobiology, 2000, 62:527-559; Blanchard JM "Small GTPases, 
adhesion, cell cycle control and proliferation", Pathologie Biologie (Paris), 2000, 48(3):3 18-27; 
Altschuler RA, Cho Y, Ylikoski J, Pirvola U, Magal E, Miller JM "Rescue and regrowth of 
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sensory nerves following deafferentation by neurotrophic factors", Annals of the New York 
Academy of Science, 1999, 884:305-11. 

The invention further includes methods for identifying biological agents that have 
transdifferentiation activity. The prior art does not have protocols for detecting agents that 
cause transdifferentiation. The protocol for identifying such agents includes culturing astrocytes, 
disassociating them, plating them into test wells, adding a test growth factor, growing the cells in 
the presence of the growth factor, determining the cells types in the test wells, and running 
appropriate controls. The test wells are any suitable means for culturing cells, including petri 
dishes, multiwell plates, culture flasks, etc. A preferred positive control is a test well with bFGF. 

The invention may be used for a variety of autologous, homologous, and 
xenotransplantation applications, including replacement of lost and defective cells and delivery 
of therapeutic products. It may be used, for instance, in intracerebral implantation treatments. 
The invention may be used for therapeutic applications including Alzheimer's, Parkinson's 
disease, and recovery from stroke or accidental damage to the brain or spinal cord. The 
invention may be used for drug design and drug testing. The invention includes methods for 
screening growth factors that accomplish transdifferentiation of astrocytes. 

The invention provides a renewable source of multipotent mammalian cells that will be 
invaluable for clinical studies and treatments of neural diseases, including neurotrauma and/or 
neurodegenerative diseases. The invention provides for the transdifferentiation of astrocytes into 
multipotent cells and for use of the multipotent cells directly or after they have been 
transdifferentiated into neurons, astrocytes, and/or oligodendrocytes. The cells may be derived 
from adult tissue and eliminate the need for other types of cells such as human fetal cells. The 
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multipotent cells are derived from astrocytes, which are easily, predictably, and economically 
obtained compared to current methods of directly isolating stem cells or using fetal tissue. The 
multipotent cells of the invention are readily obtained in the abundant amounts required for 
implantation, and are kept on hand locally or may be stored at a central location for rapid 
shipping to medical facilities. 



Attorney Docket No. 2508.13US01 

4.0 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a photomicrograph of untreated astrocytes (A) and astrocytes pretreated with bFGF 
(B and C). 

Figure 2 is a photomicrograph of human and rat astrocytes treated with bFGF for 3 (A), 5 (B), 
and 7 (C) days. 

Figure 3 is a photomicrograph of bFGF-treated cells that have been differentiated in Medium III, 
neurons positive for MAP2ab and Beta-tubulin III (A and B), oligodendrocytes positive for 
CNPase (C) and astrocytes (not shown). 

5.0 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A method of the present invention produces multipotent cells from astrocytes. The 
astrocytes may pass through a stage of transdifferentiation to a multipotent cell type that may in 
turn be differentiated into a neuron, oligodendrocyte, or an astrocyte. Astrocytes are cultured in 
vitro, optionally pretreated with a growth factor, undergo a dissociation step, and are then 
cultured in the presence of an added factor like bFGF, a process that causes the cells to become 
multipotent. The multipotent cells may be used in their multipotent state or differentiated into 
neurons and/or oligodendrocytes and/or astrocytes by culturing the cells without the added 
factor. The culture conditions are manipulated to change the yield of cells and particular cell 
types. 
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Cells differentiate from multipotent cells to more differentiated specialized cell types. A 
"multipotent" cell is a cell that may differentiate into more than one cell type. Thus an astrocyte 
that dedifferentiates or transdifferentiates into a multipotent cell could then differentiate into an 
astrocyte or some other cell type. "Transdifferentiation" refers to a process whereby a cell is 
changed from one cell type to another cell type; transdifferentiation may or may not involve 
dedifferentiation or an intermediate stage of being multipotent. "Cultured" and "grown" are 
interchangeably used when referring to the in vitro cultivation of cells and include the meaning 
of expansion or maintenance of a cell population. DMEM/F12 medium refers to a commonly 
available cell culture medium that is a mixture of "Dulbebco's modified Eagle Medium" and "F- 
12" medium. 

The term an "added factor" is a growth factor that a user places in contact with cells. 
Such contact is accomplished by many alternative means, including adding the factor to the 
medium, co-culturing the cells with other cells that produce the factor, adding precursors of the 
factor that are subsequently converted in vitro to the factor, immobilizing the factor on the 
culture substrate in an active form, and inducing cells in the culture to express the factor. An 
added factor is at least one factor and may be a combination of factors. 

A "growth factor" refers to the class of biologically active compounds known as "growth 
factors". Similar growth factors are grouped into subclasses called families. A family of growth 
factors is the neurotrophins. The neurotrophin family includes the smaller groups known as the 
fibroblast growth factor (FGF) family and the neuropetic cytokine family (Peter Lipton and 
Ronald Kalil, "Part One: Neurotrophic Factors - An Overview" Promega Notes Magazine, 
Number 50, 1995, page 18 et seq.). 

9 
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The term "growth factor" includes not only growth factors but also the equivalents that 
are commonly known to those skilled in these arts; such equivalents are included in the 
invention. Many techniques for making such equivalents are well known and obvious to the 
average artisan. Such equivalents are numerous and include but are not limited to: fragments of 
the growth factor that mimic the activity of all or part of the growth factor; growth factor 
agonists; antibodies that activate a receptor targeted by the growth factor; agents that react with 
the cell receptors that the growth factor reacts with; biologically active peptides derived from the 
growth factor, fragments or peptides with amino acid substitutions that do not eliminate 
biological activity; immobilization or attachment or co-expression of the growth factor and/or 
fragment and/or peptide to a surface or another molecule or a biological agent; precursors to the 
growth factor; variants of the growth factor; synthetic agents that perform the same function as 
the growth factor; natural agents, for instance cytokines, that imitate growth factor activities; 
transfection with genetic sequences to induce expression of the growth factor; co-culture with 
cells that produce the growth factor; agents that bypass the cell surface receptor and directly 
activate second messenger pathways; mixtures of "unknown" biological agents that are likely to 
contain the growth factor; and compositions that contain the growth factors in a biologically 
active component. Analogously, removal of an added factor that is a growth factor may be 
accomplished in many ways, including: changing to culture medium that has no added factor, 
suppressing the added factor with inactivating antibodies, and inducing expression of a counter- 
acting factor or agent. 

As a result of reading this disclosure, an ordinary person skilled in these arts will 
understand how to derive a variety of particular cell types from astrocytes and many additional 
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applications and implications of this work. This disclosure is not intended to limit the scope of 
the invention described herein as many derivations and variations of the embodiments are within 
the scope and spirit of the invention. The embodiments and experiments that are disclosed are 
only examples of the invention. Publications referred to herein are hereby incorporated by 
reference. 

Further, after reading this disclosure, many variations on the concentrations and variety 
of components used in the methods and media will be understood as being useful. For instance, 
it is commonly known that the effects of a biologically active compound on a living system are 
often a product of time and concentration. So use of a lower concentration of a growth factor for 
a longer time will often have an effect similar to use of a higher concentration of the compound 
for a shorter time. On the other hand, some growth factors such as bFGF support survival at low 
concentrations but promote proliferation at higher concentrations. A person skilled in these arts, 
however, after reading this disclosure, may readily determine the useful or optimal 
concentrations and combinations of media components using standard cell culture techniques. 

LIFE TECHNOLOGIES, INC. manufactures media and reagents under its GIBCO BRL 
trademark. Detailed compositions and properties of the GIBCO products used in the methods 
described herein are reported in the current GIBCO catalog (for the year 2000); in general, these 
products have concentrations, purities, and activities that are within the range typically used in 
the life sciences industry. Also, the manual written by Ian Freshney (Culture of Animal Cells-A 
Manual of Basic Technique, Alan R. Liss, NY, 1987) describes typical media compositions, 
including DMEM/F12 and other typical serum-free media compositions for culture of a wide 
range of cells. These publications are hereby expressly incorporated by reference. 

11 
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dbcAMP is dibutyri cyclic adenosine monophosphate. BDNF is brain derived 
neurotrophic factor. GDNF is glial derived neurotrophic factor. RA is retinoic acid, preferably 
all-trans. AA is ascorbic acid. B27 is GIBCO B27 supplement. NEUROBASAL is a GIBCO 
medium. The neurotrophin family includes nerve growth factor (NGF), brain derived 
neurotrophic factor (BDNF), neurotrophin-3 (NT-3) and neurotrophin-4/5 (NT-4/5). CNTF is 
Ciliary Neurotrophic Factor. Other abbreviations are: retinoic acid (RA); ascorbic acid (AA); 
fetal calf serum (FCS); glial fibrillary acidic protein (GFAP); and 2',3'-cyclic nucleotide 3- 
phosphodiesterase (CNPase); milliliter (ml); nanogram (ng). 

5.1 Establishment of an in vitro culture of glial cells 

Glial cells may be isolated from different parts of the fetal or adult mammal central or 
peripheral nervous system. There are numerous protocols known to those skilled in the art of 
cell culture (for instance, see R. Freshney, 1987, Culture of Animal Cells: A Manual of Basic 
Technique, Alan R Liss Inc., New York). The cells may also be obtained from sources of 
transformed cells or commercial sources. The cells may be populations of only one cell type or 
may have more than one cell type. Glial cells refers to a class of cell types that includes 
astrocytes. The invention may be practiced with astrocytes or other glial cells. 

Culturing of primary cells involves isolating nervous tissue from a sample of fetal or 
adult tissue, rinsing in physiologically balanced saline such as phosphate buffer solution (PBS), 
and cutting the tissue into small pieces, typically about 2x2 millimeters. The tissue fragments 
are treated with a dissociation solution such as an enzyme-free solution (e.g., VERSENE; 
GIBCO) and/or an enzymatic solution such as a collagenase or trypsin solution. The cells are 

12 
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exposed to a trypsin inhibitor, for instance soybean trypsin inhibitor or other commonly available 
inhibitors. The cells are mechanically dissociated, for instance by trituration using a plastic 
Pasteur pipette to obtain a suspension with single cells. The cells are centrifiiged into a pellet, 
washed and plated onto plastic tissue culture flasks at about 2000-4000 cells per cm 2 . Glial cells 
are cultured in DMEM/F12 medium (GIBCO) supplemented with 5%-15% fetal calf serum 
(GIBCO) at 37 degrees C in a 5% CO2 atmosphere or in other commercially available serum-free 
medium formulations. The medium is changed approximately twice per week and the cells are 
passaged at 1 :2 ratio after reaching confluency . These procedures may be used to establish 
J5 cultures of cells, including monolayers of astrocytes. 

*p 5.2 Pretreatment step of culturing cells 

^ A pretreatment step is optionally performed by growing a group of cells with a growth 

Jrf factor prior to dissociation the cells. bFGF is an effective factor for pretreatment that increases 
I H the number of neurons that develop. This step is preferable but optional and the pretreatment 
r* growth factor may be the same or different from the treatment growth factor. The bFGF is 

preferably administered with heparin or the like. A suitable protocol is to wash a monolayer of 
astrocytes in medium; culture in DMEM/F-12 plus SUPPLEMENT B27 (GIBCO), 20-ng per ml 
bFGF, and heparin (1 microgram per milliliter, SIGMA); and grow the cells for about one to 
two days prior to dissociating them. 

5.3 Dissociation of cultured cells 
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Cultured cells that have preferably been pretreated are preferably dissociated and plated 
onto a suitable substrate with a ratio of better than 1 :5. Dissociation is the process of breaking 
cell-to-cell and cell-to-surface associations. Trypsin and/or mechanical action is used to 
dissociate the cells. A suitable protocol is to wash cultured cells in PBS, incubate in 0.25% 
trypsin for two minutes at 37 degrees C, add trypsin inhibitor solution, pellet the cells by 
centrifugation, wash the cells once in PBS, and plate onto tissue culture plastic. 

5.4 Treatment step for culturing cells 

Cells that have preferably been dissociated are plated onto a substrate such as tissue 
culture plastic. Cells are preferably plated at a high density of more than 7000 cells per cm 2 and 
treated by growing them in chemically defined culture medium (DMEM/F12) containing 
SUPPLEMENT B27, an effective dose of an added growth factor. Half of this media is replaced 
every three days. In the range of approximately 10 to 14 days the cells form clusters that are 
collected and mechanically dissociated once per week. bFGF is an example of an effective 
added factor. 

This process produces multipotent cells that are used directly or may be maintained in 
cultures for future use. Alternatively, the multipotent cells are further treated with an in vitro 
differentiation step that produces neurons, astrocytes, and/or oligodendrocytes. 

5.5 In vitro differentiation step of culturing cells 

After the treatment step, the cells undergo an in vitro differentiation step that deprives the 
cells of the added factor used in the treatment steps. The in vitro differentiation step helps the 
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cells transdifferentiate into various cell types including astrocytes, oligodendrocytes, and 
neurons. The cells may be cultured in various differentiation media that provide factors for cell 
survival. Suitable media includes a chemically defined medium such as DMEM/F12 
supplemented with 1 \iM RA, 1 raM dbcAMP and 30 ng per ml BDNF (Medium I); 30 ng per ml 
BDNF (Medium II); or 20 ng per ml GDNF, 10 ng per ml FGF-8, and 100 jaM AA (Medium 
III). A medium supplemented with NEUROBASAL medium is also suitable (GIBCO). The 
cells are cultured on a substrate coated with laminin, poly L-lysine, polyornithine, a suitable 
extracellular matrix factor, or the like. 

The type of cells produced by this method is steered by a number of variables, especially 
by the choice of the growth factor in the pre-treatment step, the growth factor in the treatment 
step, the medium in the in vitro differentiation step, and the duration of the steps. 
NEUROBASAL medium is preferable for developing neurons and Media I, II, and III are also 
effective. Medium III is preferable for developing oligodendrocytes and Medium I is preferable 
for minimizing the number of oligodendrocytes. 

Cells may respond differently to a growth factor in the treatment and/or pretreatment 
and/or in vitro differentiation step because they are in different stages of transdifferentiation. 
Therefore a first protocol uses a first growth factor in the treatment step and remove it in the in 
vitro differentiation step but an alternative protocol uses the first growth factor as an additive in 
the in vitro differentiation step while using a different growth factor in the treatment step. 

Other steps may be desirable after the in vitro differentiation step and are contemplated in 
the invention. For instance, after a desirable number of neurons have been established in a 
culture, a growth factor that enhances neuronal survival may be added. bFGF is a growth factor 
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that has a survival (trophic) effect. Other factors include the neurotrophin family of growth 
factors. 

5.6 Use of markers to identify cells 

The types of cells in the culture are identified by a variety of methods including means of 
visualizing cell markers, for example by using labeled antibodies that recognize the markers on 
the cells. In brief, cell cultures are fixed in 4% paraformaldehyde, washed in PBS, 
permeabilized with 0.1% TRITON X-100, and incubated with 4% serum in PBS with 0.1% 
TRITON X-l 00. Cells are then incubated with primary antibodies in blocking solution for at 
least 3 hours at room temperature. 

Suitable immunocytochemical markers on the cells are MAP2ab and Beta-tubulin III for 
neurons; GFAP protein for astrocytes; and 04 and CNPase molecules for oligodendrocytes. 

5.7 Screening of growth factors and equivalent agents 

This protocol sets forth a method to screen growth factors for transdifferentiation. In one 
method, astrocytes are cultured as a monolayer in the presence of DMEM/F12 and 10% FCS and 
dissociated according to the standard method described above at 5.3, preferably using trypsin. 
The cells are replated at 7000 cells per cm 2 onto standard cell culture plastic 6-well plates, one 
plate per growth factor to be examined. Cells are cultured in duplicate wells for 14-21 days in 
DMEM/F-12 supplemented with B27 supplement and in the presence of three different 
concentrations (preferably 0.5, 20.0 and 100.0 ng per ml) of the growth factor. As a positive 
control, cells are grown in another well of a 6-well plate in DMEM/F-12/B27 and in the presence 
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of 20-ng per ml bFGF and as a negative control cells are grown in DMEM/F-12/B27. Fresh 
medium containing the growth factor is added every second or third day. Once a week, the cells 
are collected and mechanically dissociated. After 14-21 days cells are mechanically dissociated 
and replated on laminin-coated cell culture plastic for differentiation. The cells are grown for 7- 
14 days in DMEM/F-12 or NEUROBASAL cell culture medium both supplemented with B27 
and in the absence of the growth factor to be examined. 

Cells are examined using antibody markers as described at 5.6. For each antibody, cells 
are plated in duplicates. Beta-tubulin III and MAP2ab antibodies are used to detect neurons. 
GFAP is used to detect astrocytes. CNPase is used to detect oligodendrocytes. 

This protocol is described in terms of growth factor screening with mammalian astrocytes 
but is adaptable to other circumstances as suggested by this Application. This protocol enables 
artisans of ordinary skill to screen agents for transdifferentiation. This protocol provides 
considerable guidance to artisans wishing to practice screening of agents for transdifferentiation 
of astrocytes. 

6.0 Example 1 : Analysis of astrocytes treated with bFGF 

A series of experiments are grouped together in this example to show conditions for the culture 
of cells and treatments for transdifferentiation. 

6.1 In vitro culture of astrocytes 
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6.1 .1 In vitro culture of astrocytes from human neural progenitor cell derived astrocytes 

Astrocytes derived from human neural stem cells were grown on plastic tissue culture 
flasks in the presence of 10% FCS in DMEM/F-12 culture medium. The media was changed 
twice per week. After confluency, the cells were trypsinized (0.25% trypsin for 2 minutes at 37 
degrees C), treated with trypsin neutralization solution (CALBIOCHEM) and the cells were 
pelleted, resuspended and plated at a ratio of 1 :3. In general, it was important to passage the 
cells at no more than 1:5 ratio; further, at a 1:2 ratio confluency was typically achieved in 7-10 
days. 

6.1.2 In vitro culture of mammalian astrocytes from mammalian nervous tissue 

Nervous tissue was isolated from a sample of adult tissue, rinsed in phosphate buffer 
solution (PBS; obtained from GIBCO), and cut into small pieces, about 2x2 millimeters. The 
tissue fragments were incubated in trypsin solution (0.25% trypsin solution in VERSENE 
Solution, GIBCO) for 10 minutes at 37 degrees Q, inhibited with trypsin with trypsin inhibitor 
solution (GIBCO), and mechanically dissociated into a single cell suspension using a plastic 
Pasture Pipette. The suspension was centrifiiged at 700 g for 3 minutes, the resulting cell pellet 
was washed with PBS and cells were plated onto plastic tissue culture flasks (FALCON) at 
2000-4000 cells per cm 2 . Cells were cultured in DMEM/F12 medium (GIBCO) supplemented 
with 5%-15% fetal calf serum (GIBCO) at 37 degrees C in a 5% CO2 atmosphere. The medium 
was changed twice per week and after reaching confluency the cells were passaged at 1:2 ratio. 

6.1.3 Morphology of cells 
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The cultured cells consisted mainly of large irregular or flat cells (type I astrocytes), a 
smaller population of stellat-like cells, morphologically type-2 astrocytes, and a smaller number 
of oligodendrocytes. The proportion of cells with an astrocyte type I morphology became 
greater as time passed. 

6.1.4 Expression of cell marker proteins in cultures 

Immunocytochemistry was performed to identify markers on the cells to verify the 
identity of the various cell types. Cell cultures were fixed twenty minutes at room temperature 
with 4% paraformaldehyde in PBS, and washed thrice in PBS. The fixed cells were 
permeabilized using 0.1% TRITON X-100 and nonspecific antibody binding was blocked by 
incubation with 4% donkey serum in PBS with 0.1% TRITON X-100 for at least 1 hour at room 
temperature. Blocking was followed by incubation with primary antibodies in the same blocking 
solution for at least 3 hours at room temperature. 

The immunocytochemical markers for the cells were: MAP2ab and Beta-tubulin III 
(CHEMICON) for neurons; GFAP protein (CHEMICON) for astrocytes; and 04 
(BOEHRINGER) and CNPase (CHEMICON) molecules indicated oligodendrocytes. 

The cells in the cultures expressed no Beta-tubulin III or MAP2ab, indicating that there 
were no neuronal cells. More than 99% of the cells expressed GFAP, indicating that they were 
astrocytes. A very low number of cells co-expressed 04 and CNPase, indicating that a small 
number of cells were oligodendrocytes. 

6.2 Pretreatment and Treatment of cultured cells with bFGF 
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The monolayer of cells was pretreated with bFGF by washing once with DMEM/F-12 
and culturing in chemically defined culture media (DMEM/F-12; GIBCO) containing 
SUPPLEMENT B27 (GIBCO), 20 ng per ml bFGF, and 1 microgram per ml heparin (SIGMA). 
Cells were grown approximately 1-2 days. The cultured cells initially had a flattened 
morphology (Figure 1 A) but after addition of the bFGF-containing medium had a more 
elongated morphology resembling reactive astrocytes (Figure IB and 1C). The homogeneous 
monolayer was changed into bundles of cells and on a few occasions formed clusters. 

The cells were dissociated by washing once in PBS and incubating with trypsin solution 
(0.25% in VERSENE; GIBCO) for 2 minutes at 37 degrees C. Trypsin inhibitor solution 
(GIBCO) was added and the cells were centrifuged and pelleted, washed once in PBS, and 
plated. The cells grew as aggregates, which is a morphology different than seen with bFGF 
pretreatment only (Figures 2A, 2B, 2C). 

7.0 Example 2: Treatment with bFGF without a dissociation step. 

The cells were treated as described in Example 1 except as described below, most notably 
in the omission of the trypsinization step. In brief, monolayers of astrocytes were washed once 
in DMEM/F-12 and defined medium containing DMEM/F-12 and SUPPLEMENT B27 
(GIBCO), 20-ng per ml bFGF (PEPROTECH), and 1 microgram per ml heparin (SIGMA) was 
added for 2 and 5 days. The cells were then grown in Medium I for 7 days. 

Immunochemistry revealed that there were no MAP2ab or Beta-tubulin III positive cells 
in either the 2-day or 5-day groups, indicating that no neurons were present. Therefore cell 
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dissociation enhances the production of multipotent cells because cells that underwent the same 
treatment plus a dissociation step were made multipotent and then differentiated into neurons. 

8.0 Example 3; Pretreatment and treatment of cells with bFGF 

These experiments were performed as described in Example 1 except for the differences 
described herein; these results are the results of multiple experiments. Cultured astrocytes were 
dissociated and plated on tissue culture plastic. The cells were cultured with 20 ng per ml bFGF 
plus heparin for three to six weeks. The cells were then placed in Medium I, Medium II, or 
;5 Medium III for 7 and 14 days on laminin-coated substrates. 

1* After 7 days in Medium I, II, or III, 60%-80% of the cells were GFAP positive astrocytes. 

if Up to 30% of the cells were Beta-tubulin III positive, GFAP negative neurons (FIG. 3 A) and 5- 

•.f% 

fll 1 0% of the cells were MAP2ab positive. In Media II and III, 0.5%-2.0% cells were positive for 
y the oligodendrocyte markers CNPase and 04. Cells in Medium II marked for CNPase and 04 
! u z were more strongly positive for these markers than cells in the other media. In Medium I 
2 oligodendrocytes were mainly absent. The MAP2ab and/or Beta-tubulin III positive neurons 

were not marked by the GFAP astrocyte marker and were morphologically distinct from the 
larger GFAP positive astrocytes and the few 04 and/or CNPase positive glial cells. Other 
experiments have shown that the percentage of neurons was as much as 30% if the plating 
density was high. 

After 14 days in Medium I, II, or III, the amount of MAP2ab positive neurons was as 
much as 30% in high density cultures but 5% or less in low density cultures. High-density 
cultures had 5,000-10,000 cells per cm but low-density cultures had less than approximately 
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1000 cells per cm 2 . The MAP2ab positive neurons (Figure 3B) were affected by differentiation 
factors and exhibited longer and more developed neurites and cell bodies in the presence of 
either Medium II or Medium III. CNPase positive oligodendrocytes (Figure 3C) were the most 
numerous (l%-5%) in the Medium III cultures. 

A parallel series of cultures of astrocytes were grown without exposure to bFGF and then 
in the presence of medium supplemented with serum instead of Medium I, II, or III. These 
cultures did not contain neurons as evidenced by observations that there were no MAP2ab- 
positive cells nor GFAP negative and Beta-tubulin III positive cells at any time point. 

A control culture was performed in which astrocytes were grown without exposure to 
bFGF, were trypsinized, and then grown on laminin in Medium I or II or III. These cells were 
found to be more than 99% GFAP-positive astrocytes and no beta-tubulin III and/or MAP2ab- 
positive neurons were observed. 

9.0 Example 4: Treatment with bFGF 

Cultures were performed as described in Experiment 1 except for the differences 
described herein. Astrocytes from human neural stem cells as per section 6.1 .1 were exposed to 
chemically defined culture medium (DMEM/F12; GIBCO) containing SUPPLEMENT B27 
(GIBCO) 5 20 ng per ml bFGF, and 1 microgram per ml heparin (SIGMA) for 1, 3, 6, 9, and 21 
days. Cells were trypsinized and plated at 7000 cells per cm onto plastic tissue culture plates 
(FALCON) and cultured in Medium II for 7 days. Cells that were Beta-tubulin III positive and 
GFAP negative were scored as neurons (See Table I). 
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Table I. Time required for induction of neurites from astrocytes by bFGF treatment 
Time, days neurons, % of cells 



no bFGF treatment 0 

1 <1 

3 2 

6 3 

9 18 

21 30 
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Claims 

It is claimed: 

1 . An in vitro method for producing neurons from astrocytes, the method comprising a culturing 
step of establishing a group of cells by culturing the astrocytes in vitro, and a subsequent 
treatment step of exposing the group of cells to at least one added factor such that neurons are 
produced as a result of the added factor. 

2. The method of claim 1 wherein the added factor is chosen from the neurotrophin family. 

3. The method of claim 1 wherein the added factor is a FGF family member. 

4. The method of claim 3 wherein the FGF family member is bFGF. 

5. The method of claim 4 wherein the treatment step lasts at least one day. 

6. The method of claim 3 comprising a subsequent in vitro differentiation step, the in vitro 
differentiation step being a step of culturing the group of cells without the added factor. 

7. The method of claim 6 wherein the in vitro differentiation step lasts at least one day. 
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8. The method of claim 6 wherein the treatment step lasts at least three days and the in vitro 
differentiation step lasts at least three days. 

9. The method of claim 6 wherein the treatment step lasts three to nine days and the in vitro 
differentiation step lasts four to nine days. 

10. The method of claim 1 wherein the added factor is an agent that interacts with cell receptors 
that are recognized by a member of the FGF family. 

1 1 . The method of claim 1 wherein the growth factor is an agent that interacts with cell 
receptors that are recognized by bFGF. 

12. A method of producing a second cell type from astrocytes, the method comprising an initial 
culturing step of culturing the astrocytes and a subsequent treatment step of contacting the 
astrocytes with an added factor, the added factor being growth factor(s). 

13. The method of claim 12 wherein the second cell type is neurons. 

14. The method of claim 13 wherein the added factor is a member of the neurotrophin family. 

15. The method of claim 14 wherein the member of the neurotrophin family is NGF. 
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16. The method of claim 14 wherein the member of the neurotrophin family is chosen from the 
group consisting of BDNF, NT-3, and NT-4/5. 

17. The method of claim 12 wherein the second cell type is oligodendrocytes. 

1 8. The method of claim 12 wherein the second cell type is a cell type in a less differentiated 
state than the astrocytes. 

19. The method of claim 12 wherein the second cell type is a multipotent cell type. 

20. The method of claim 12 wherein the added factor(s) are members of the neurotrophin 
family. 

21. The method of claim 12 wherein the added factors(s) are members of the FGF family. 

22. The method of claim 19 wherein the added factor(s) are members of the FGF family. 

23. The method of claim 22 wherein the added growth factor includes FGF-1 . 

24. The method of claim 22 wherein the added growth factor includes FGF-2. 

25. The method of claim 22 wherein the added growth factor includes FGF-3. 
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26. The method of claim 22 wherein the added growth factor includes FGF-4. 

27. The method of claim 22 wherein the added factor includes at least one growth factor chosen 
from the group consisting of FGF-5, FGF-6, and FGF-7. 

28. The method of claim 22 wherein the added factor includes FGF-8. 

29. The method of claim 22 wherein the added factor includes at least one growth factor chosen 
from the group consisting of FGF-9 and FGF-10. 

30. The method of claim 22 wherein the added factor includes at least one growth factor chosen 
from the group consisting of FGF-1 1, FGF-1 2, FGF-1 3, FGF-14 ? FGF-1 5, and FGF-16. 

3 1 . The method of claim 22 wherein the added factor includes at least one growth factor is 
chosen from the group consisting of FGF-1 7 and FGF-1 8. 

32. The method of claim 12 wherein the added factor is an agent that interacts with cell 
receptors recognized by a member of the FGF family. 

33. The method of claim 12 wherein the growth factor is an agent that interacts with cell 
receptors recognized by bFGF. 

27 



Attorney Docket No. 2508.13US01 



34. The method of claim 13 wherein the added factor is a neuropetic cytokine. 

35. The method of claim 34 wherein the neuropetic cytokine is CNTF. 

36. A method of treating astrocytes to produce a population of multipotent cells, the method 
comprising a step of culturing the astrocytes and contacting the astrocytes in vitro with a growth 
factor. 

37. The method of claim 36 wherein the growth factor is bFGF. 

38. A method of treating astrocytes to produce a population of cells that includes neurons and/or 
oligodendrocytes, the method comprising a step of culturing the astrocytes and contacting the 
astrocytes in vitro with bFGF. 

39. A method of manipulating an in vitro culture of glial cells to produce a second cell type, the 
method comprising: 

a culturing step of culturing a group of glial cells; 

a dissociation step of dissociating the group of cells prior to the treatment step; 
a subsequent treatment step of contacting the group of cells with an added factor, the 
added factor including at least one growth factor. 
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40. The method of claim 39 wherein the glial cells in the culturing step are astrocytes. 

41 . The method of claim 40 wherein the dissociation step includes exposing the group of cells to 
trypsin. 

42. The method of claim 39 wherein the second cell type is a multipotent cell type. 

43. The method of claim 39 further comprising the step of pretreating the cultured cells with the 
added factor prior to the dissociation step. 

44. The method of claim 43 wherein the added factor is a neurotrophic 

45. The method of claim 44 wherein the neurotrophin is a member of the FGF family. 

46. The method of claim 45 wherein the member of the FGF family is bFGF. 

47. The method of claim 46 wherein the pretreatment step lasts one to seven days, the treatment 
step lasts three to fourteen days. 

48. The method of claim 47 further comprising an in vitro differentiation step, the in vitro 
differentiation step being a step of culturing the cells without the added factor. 
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49. A method of screening growth factors for transdifferentiation, the method comprising the 
steps of: 

(a) growing cultured cells in vitro, including a first cell type but not a second cell type; 

(b) dissociating the cultured cells; 

(c) replating the cells into a plurality of test well means; 

(d) adding a test growth factor to the test well means; 

(e) growing the cells in the test well means in the presence of the test growth factor; 

(f) subsequently growing the cells in the test well means in the absence of the test growth 

factor; 

(g) examining the cells to determine if cells of the second type are present; and 

(h) running a control experiment in other test well means. 

50. The method of claim 49 wherein the first cell type is astrocytes and the second cell type is 
neurons and the test growth factor is added to the wells in a concentration ranging from 0.05 to 
1000 ng per ml. 

51. The method of claim 49 wherein the first cell type is astrocytes and the second cell type is 
oligodendrocytes and the test growth factor is added to the wells in a concentration ranging from 
0.05 to 1000 ng per ml. 

52. The method of claim 50 wherein step (e) has a duration ranging from seven to twenty-eight 
days; and step (f) has a duration ranging from three to twenty-one days. 
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53. The method of claim 52 wherein step (h) is performed with bFGF. 

54. The method of claim 50 wherein step (e) has a duration ranging from fourteen to twenty-one 
days; and step (f) has a duration ranging from seven to fourteen days. 

55. The method of claim 54 wherein step (h) is performed with bFGF. 

56. The method of claim 55 wherein the bFGF of step (h) is present in a concentration of at least 
50 picomolar. 

57. An in vitro method for producing neurons from astrocytes, the method comprising a 
culturing means for culturing astrocytes in vitro, and a subsequent treatment step of exposing the 
group of cells to at least one growth factor means, the growth factor means causing the 
production of neurons from the astrocytes. 

58. The method of claim 57 wherein the growth factor means is a means of accomplishing the 
biological effects that are accomplished by bFGF. 

59. The method of claim 58 wherein the treatment step lasts at least three days and the in vitro 
differentiation step lasts at least three days. 
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60. A method adapted to delivering a therapy to a human patient, the method comprising 
providing a group of cells and introducing the group of cells into a therapy site in the patient, 
wherein the group of cells are cells that have been cultured in vitro and derived from astrocytes. 

61 . The method of claim 60 wherein the group of cells is multipotent cells. 

62. The method of claim 61 comprising the step of choosing the therapy site from the group 
consisting of the central nervous system, the brain, the cranium, the spine, the peripheral nervous 
system, the region interior to the skull, and the ganglia. 

63. The method of claim 62 further including the step of treating the astrocytes with bFGF. 
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ABSTRACT 



A process for generating multipotent cells from glial cells using in vitro techniques to 
dedifferentiate fetal or adult mammalian glial cells into multipotent cells. The multipotent cells 
may further be differentiated into particular types of nervous system cells, including neurons, 
astrocytes, and oligodendrocytes. A small sample of astrocytes is used to establish an in vitro 
culture of cells that is expanded and processed to yield multipotent cells that may be used 
directly or be differentiated to yield neurons and/or oligodendrocytes and/or astrocytes. The 
invention includes implanting the generated cells into patients. The invention includes a step of 
exposing the cells to a growth factor. 
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